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Artificial cultures of an entomogenous fungus 
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WITH PLATES: 


—' — -W — w 

knnu h J Ie ”!? kinff colIections in a ravine near Ithaca, N. Y., 

I sarin / S • s i5 n ’ on October 28th, 1893, a specimen of 

sal is n f*ly in0S ' a ^ Dicks -) ^ r * was f° u nd upon an arctid chry- 
iu<t nm - ^ ea ^ mo ^d, the sporophores of the fungus 

last projecting above the loose leavesj ^ * 1 ‘ •• 


consict-c nt w ~ reives. This plant usually 

inhei^h -: SeVera Sporophores ’ l-2 min in diameter and 2- 4 cm 
sporonhrt' 1Ssuln ^ fro ™ the host. The slender portion of the 
'length ; B ’ cons fjtuting two-thirds to three-fourths of their 

color’ whilp°fik W ^ itlsk to P ale yellow^ or orange yellow in 
is born^ ; 16 5 ' ava * e portion, upon which the fructification 

' n texture ^ ^ ,ame t er * white in color and farinaceous 

that the inr*^ 0 ^ 1G sur ^ ace - A section of the clavula shows 

and color siX? n r S ° f a maSS °f h y phae in arrangement 
phore, beino- C ^ lose °f t ke sterile portion of the sporo- 
t°Bcther in ^ corn P ose d of very slender threads lying close 
fi°n of the ^| rre ^, U ar P araP el series. Toward the outer por- 

central h VU u tkrea<ds which arise as branches from 
forming a fl ff* 1 - ° are an d very loosely arranged, 

^ranch^ nrof U \ £nass * threads of this fluffy portion 

ter minal bra U 'f ^ ^ a mono Podial fashion at first. The 

°PPosite, or i Ver Y short usually, arise either singly, or 

the lanceolate ^P on the ends of these final branches 

‘ n S number asicPa ar e borne in pairs or groups of a vary- 

t^ata which n kasi(dla ar e surmounted by slender sterig- 

‘ ls hion as th'™ UCG s P ores ,n chains much in the same 
thc« n «__ L >' are borne in sneripc nf TnH^ri 


'•pore clllCh ” V- * v-o UI j. c fllLl'lll'H ft l • 111UV-V.W 

fortification uken se parated resemble very closely the 
5n °ff elliptj ca j Sorne s P ec ‘ es of this genus. The spores are 
,0 ~-V 0 i ytv ° r Usuap y rounded, and measure about 2/*. 

A —No. 4. 
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Upon reaching the laboratory with the material an attempt 
was made to cultivate the fungus in ordinary culture media. 
Accordingly dilution cultures were started in the usual way 
for the separation of the organism in agar-agar peptone broth, 
the three dilutions made in culture tubes being poured into 
Petrie dishes. The cultures were started at about 5 P- 011 
the same day as the collection was made, Oct. 28th. On 
the following morning an examination was made at 10 A. M. 
No spores were seen which had germinated, though a very 

thorough search was not made. Oct. 30th, at 9:30 A. M. a 

second examination was made. Numerous spores had ger¬ 
minated and growth was progressing finely. One or two 
germ tubes issue from a single spore, and their points of 

origin, when there is more than one, maybe on opposite sides 
of the spore or on the same side. The general course of the 
threads at first, when branching does not occur, is 
straight, but the outline of the thread is variously sinuous. 
Septa probably occur at this stage but they could not be ob¬ 
served while examining the culture in the agar. The proto¬ 
plasm is very finely granular, and appears to be massed to 
gether in certain parts of the thread and spore, the ot jj* 
spaces being occupied with a homogeneous or watery su 
stance. The study of the stages of germination was mate 
from culture no. 1 by placing the Petrie dish upon the stage 
of the microscope. The spores on the sporophores of t *■ 
fungus were so numerous and the material was in such a re¬ 
condition that very few foreign organisms appeared in 1 ^ 
tions 1 and 2, while dilution no. 3 was pure, and the se P a 
ation was effected without any difficulty. From this s<b 

aration pure cultures were started by transplanting the fu n »^ 

to culture tubes of ordinary agar, bean stems, and . 
In fact pure cultures were also obtained by touching a 
platinum needle to the spores on the clavula of the S P° 
phore and then thrusting it into nutrient agar. But t e 5 
aration was considered necessary in order to have proo in 
case of such small germs that the growth obtained ' va3 , 
of the desired plant by watching the germination of the ^ 
ABO the development of the colonies from these isolate 
ters in the dilutions. . ^ 

rhe fungus grows quite rapidly on artificial media > n ^ 
culture tubes, soon forming on the surface of the 1 ^ 
dense velvety growth with quite a long pile. O n 0 



•894 ] 


Cultures of Isaria farinosa. 


131 


slices of potato the larger part of which is exposed, partly 

dry and not in close contact with the sides of the tube, the fungus 

spreads quickly, and extends more slowly through the sub¬ 
stance of the potato to the surface which is in closer contact 
with the culture tube, and which is quite moist from the ex¬ 
cess of water on the bottom and the side of the tube to which 

it gravitates as the tube is kept in an oblique position. As 

the watery infusion gradually disappears by slow evaporation 
and by being absorbed by the growth of the fungus, the 
threads appear on the other side of the potato. Now since 
there is a less content of water and the substance has lost 
some of its richness, the fungus does not grow so profusely 
nor so rapidly^. There is then a tendency to grow into sporo- 

p ores composed of numerous parallel threads which arise 

rom t ie surface of the substratum in the same manner as the 

norma sporophores of the Isaria stage on the natural host, 
the pupa of the insect.Bl I ■■M I 111 1 


The 


1 - - large majority of these sporo- 

u..? r .^ S 011 P°tato are much shorter than those on the insect, 


being two 


1 ~ otiwiLci Limn must 

/ arL a so much stouter, the diameter oeing 1 

a s t- erde portion of the sporophore ... 

mav^ in na ^ ure> From ten to forty of these sporophores 


as it 


an 


orange 


buff, or buff yellow color. 


6 -1 o ,,m 


tnkA ! ri ^ r ° m an orc li na ry sized piece of potato in a culture 

and they are of 

y of these are from 2-4 n,; " high, while still others are 
Severa ]' anc they may be divided at the free extremity into 
develoD^H^'u- 15 one cu ^ture a very large sporophore was 

P^rpendicullr, 1 1; eCame at len S th full y 3'" lon S' II arose 

perp L . n d r 1 sur f ace °f the potato and thus nearly 

Iona it c ' U ar to °f the tube so that when it was 6 mm 

end remai' 111 ^ 'b' a gainst the wall of the tube. Here the 

sporophorp 6 an< ^ ^ a PP eare( J for a time as though 

*“ J would not prow anv lr»n<T#»r From the outer 

was in close contact with the wall 

out over 


the 


surf ace of the enH , grovv an ^ fonger. 
nu nierous fi ° w ” lca was * n close contact with 

the inner « T radia ting threads of the funcus grew 


4 ll US growth tVl 'i UlLV ' U13L<11IV.C. iTLL 

anc c chara!'*- • sur face presented the fari naceous 

** * °| Ae fructification. * ’ 


At the base 

appear- 


^ ^ Was oK **^».uiwauuu. All LliV. 

grow i n l en „ru Served that the sporophore had con 1 
■*’ a s downwa i an< ^. was f urn cd to one side so that i 

•*«* tube - 
Peared u < ' s P oro Phore 


In the course of a 

continued to 
its course 
This continued until the entire 


to halt 


was 3 


WIMP | I ,f. At various places it ap- 
and se nd out a thin membranous expanded 
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growth, closely attached to the side of the tube, showing the 
color of the sterile portion next the wall of the tube, and, on 
the opposite side, possessing the farinaceous appearance of 
the fruit. Eventually from several of these expanded por¬ 
tions of the sporophore elongated, radiating, branched, terete 


altogether 


formed 


on 


In 


fruiting portions were developed, which 
quite a complicated condition of this phase of the plant. 

Probably the reason that so many of the sporophores 
the potato were very short was due to the fact that the moisture 
almost entirely disappeared before they were perfected, 
every case, however, the free ends of these sporophores were 

covered with the characteristic fructification. 

While no characteristic sporophores are developed at first 
when there is a large water content and the profuse grouty 
of the fungus forms a long pile covering the substratum, } ei 
spores are developed in great numbers. From these spore 
on a potato culture pure dilution cultures were started in nutrient 
agar, in order to study carefully the characteristics of, grout 
and the appearance of the colonies in the artificial medium, 
as well as the peculiarities of the fructification formed w efl 

the sporophores are absent. Dilution cultures were ma e ' n 
order to have the colonies properly separated in the 
Three dilutions were effected December 28th, at 5 • 3 ® ^ '. 

and were poured in Petrie dishes. P rom no. 1 the stu ) 
germination and the development of the colonies was ma - 

December 29th, at 12:30 P. M., the culture was exain ‘!^ 
Only a few of the spores were germinating at this time, 
which were immersed in the agar were hyaline in appearan^ 
A few spores here and there were not wholly immerse ,n 
medium, probably owing to the fact that they were dr) 
the dilutions were made and did not absorb sufficient n10 i., 
to permit all of them to sink readily in the liquid. ^ 
spores appeared quite dark, as if the wall was dark m 
which resulted from the strong refraction of the light- 
these superficial spores germinated, the germ tube P enc ^ rnV .. 
the medium and was hyaline in appearance. Frier to g ^ 
nation the spores swell considerably so that the e ,anie ^ ^ 
the spore is nearly twice what it is when the spores 3 ^ 
tured or before they are placed under conditions 
germination. Those measured showed a diameter 05- 
The germ tubes were little more than 2 n in diameter. 

On December 30th the culture was examined again- 
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spores had by this time germinated, one to two or three 
tubes having arisen from a single spore. Branching also by 
this time was taking place quite freely. Rather faint vacu¬ 
oles appear in the thread at quite regular intervals as if in the 
middle of the cell, the transverse walls of which are hard to 
distinguish in the agar. By December 31st the growth had 
increased sensibly and the branching was becoming quite 
profuse while some of the shorter branches were being elevated 

m the air, but there was as yet no evidence of spore forma¬ 
tion. •*'* 


When the colonies become perceptible to the unaided eye 
the surface ones are circular, quite compact, and with very 
tme numerous radiating lines on the margin, givingit a finely 
mbriated appearance. When young the deep seated colo¬ 
nies are apt to be angular so that many of them are triangu- 

Jlir n ^ 0rm * As the colonies age the superficial ones, or those 


''hich reach the surface by later growth, become 



convex 


elevation of numerous threads which give it a 
. . } appearance at the center, while at the margins 

b stl ^ fineI y fimbriate from the radiating threads. While 
co onies are quite young they resemble those of a species 


f rj # X ^ j ^ W 1 I ^ Lit y 1 ill U i L 11 v/ Zj L# vy 1 Cl O 

dentalT^^^^' P ro ^ >a ^ ) ^y P- glaucum, which appeared 


acci- 


si n | ^ . ,n Cu ^ ur e no. 3. In plate XIV, figs. 2, 3, 4, this 
th . C | C ° , on y of Penicillium can be easily differentiated from 
c o onies of Isaria, but in fig. 1 it is impossible to do so 


fh C ^ se f e cting the correspo 
P ate, all the four ohotoo-ranh 


naing location of the colony in 
sanr . .. . ---Jphotographsof the cultures beingfrom the 

r*/^i at successive.'stages of growth. When the Penicillium 



are 


diffe 


lonvf • bues ' ;a & esot growth. When the remcii 

arran rU1 j S ^ 1e s P or ophores are quite long and erect and - 

which th* e |- t L 3t °P en s P a ces appear here and therethrough 
strong diff passes more easily than at other places and a 

.... crentiation between light and shade appears over 

^ a . r ^ s the fruiting portion of the colony. There 
tn »b fluffy arrangement of the aerial hyphae, 

Asthc cI nth f Isaria colonies - 

from the s ^ saria become more and more elevated 

fr°rn the ^ , lum they become mealy white in appearance 


erent 

also 


c: cotto'ny^kf 1 ^ ^P ores produced, mixed with the 


mass 


iTtu somew hat by 



The appearance of the colonies may be 

temn ' V,iaC Periodic growth, induced by variations 
. no era ture. Some tests of this were made with the 

0 o the dilution for the separation of the fungus. 
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After growing for sometime in a rather cool room, at a tem¬ 
perature ranging from 15-18 C., the culture was placed in 
the thermostat with a temperature of 25.6 C. In a few days 
a profuse growth had taken place, making a distinct concen¬ 
tric ring. At the center was a strongly convex dense por¬ 
tion, separated from an outer ring which was elevated above 
the intervening portion. In the thermostat at the higher 
temperature this ring frequently became elevated consider¬ 
ably above the center of the colony. The margin of the 
colony presented a larger corona of radiating threads than 
would have appeared had the culture been kept at the lower 
temperature for the same time. 


culture siantu 


single thread, 
fashion but 


By January 12th the col 
Dec. 28th, examined with a low power of the microscope, 
show the loose cottony mass to be composed of numerous in 
terwoven threads bearing short sporophores consisting of 1 
cinori*, Usually these were arranged in a monopodia 

sometimes they were opposite. These corre¬ 
spond to the ultimate branches of the external layer of the 
clavula on the natural sporophores. Like them they are 
surmounted by several short lanceolate basidia, the sterig- 

muta of which bear long chains of spores, reminding one 
very' forcibly of the fructification of a Penicilliwtt , though on 

shorter sporophores. 

The illustrations in plate XIV are natural size reproduction? 

of culture no. 3 at different stages of growth. In figs. 1 nn 
2, the colonies were not yet elevated above the medium, an> • 
being transparent and very delicate, could not be photo 

— -r,--- to show the peculiar characters. 

n bgs. 3 and 4, the colonies were elevated at the center 

Figure 3 was photographed by tra 

• _f fhp co 


graphed by reflected light 

-£>— J «-.MJ *(., I - 

above the medium. 


- .,.wiuih, x-igure 3 w r as [inoiox id F"'' u } 

mitted light to show the finely' fimbriated margin of the co 

OnipQ 3 r» rl _ r 1 t _ ' 


the 


colony. 


onies and the relation of the same to the denser portion 

This photograph is not as good as it shoul 

under favorable circumstances, since by this time 

dtum had become milky in color from the entrance 

Qnprioe L__ _ • « • « . - * _ 


the 


dium had become milky in color from the entrance of *>r 
species of bacteria which had accidentally gotten into the c 
ture, a small colony of which can be seen on the up,' 

right margrin. Thf* imrVit- froncmiff^ri fVtmno , h the 


a sma ll colony of which can be seen 
n g f mar gin. The light transmitted throughB) III 

portion of the medium also affected the sensitive phd 

t e differentiation between the colonies 


e 



spaces was not strong. 


,„c and the inter*®" 

It is sufficiently so, however, tos 
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the character of the margin of the colonies. By transmitted 
light the elevation of the colonies could not be shown. This 
can be done by photographing in the ordinary way by re¬ 
flected light. Such a photograph taken on the same day is 
reproduced in figure 4, of the same plate. The margin of 
the colonies, however, is not shown by this process, but a 
knowledge of the true character of the colonies can be ob¬ 
tained by putting the two photographs together. 

Several cultures on artificial media in culture tubes have 
been made but in no case has any thing resulted which shows 
the perfect or ascigerous stage of the fungus. Upon nutrient 
agar, nutrient gelatine,and bean stems, nothing but the cottony 
or fluffy growth, covered by the farinaceous fructification, ap¬ 
pears. On potato this growth first appears, to be succeeded 
'T I c k arac teristic fructification of the Isaria stage, 
u asne has shown 1 , not by cultural experiments, but by 


Cordyceps 


fa 


A 


I —1> ^ v r 

gj 6 number of cultures, perhaps varying the substratum 
. °* er conc l*tions of environment, might result in the de- 

' opment ‘he Cordyceps form 


in artificial cultures from 


Isaria 

ious^ ^ sar * a s t a 8 f e will develop readily on var- 

velon ^ 6 1 f.. suc ^ as described above is evidence that it can de- 
prese l / as a sa P r ophyte, and is thus more likely to be 

than ln ^ rea ^ er a bundance and in wider distribution 
Bnt * .' v ? re a ^ e to propagate itself only on insects. 


Department 


Uni 


Explanation of Plates XIV-XVI. 


. '8- Photograph, nat. size, by transmitted light, of plate 

OlODlfifS -1 CT O on mo n f wrr% n 


Plate XIV.— 

Powth_.pf« , s ^ 0wi ng colonies.—Fig. 2, same at more advanced stages of 

? l ° ^colonies -Ip 1116 ^ s more advanced stage showing the fimbriated mar- 

Pute XV_Ficr san ? e b y direct light to show elevation of colonies. 

r *8 7 . group of fr* 8 e " miQ ating spores.—Fig. 6, farther advanced stage.— 
cooditioas —F* ln ^, ^asidia from sporophoreof plant developed under nat- 
^UteXV[^ anc * 9 . same, from culture on agar. 

°\?Pv Photograph of Isaria farinosa from which cultures 
gni ed twice.— Fig. n, fructification in elevated portion of 


a gar. 


about 


/f 9, ii arp . , waic 3 UUWU is 1 magninea aooui 10 umcs. 

lucida. a g Q ihed 50 times more than the scale. Drawn by 

* J 5 18^7 * * . et S P ha e 


of 


ci opnaeria 
Torrubia militaris. 


entomogenes. 
Selecta Fung 


Ann. d. Sci. Nat. Bot. IV 
Carp. 3 : 6. 1S65. 








